Guiding Questions
How is new DNA produced?

How has knowledge of DNA replication enabled applications in biotechnology?
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Linking Questions

Th.eme Contmulty ¢ Change
Level of Ocganization.: Molecoles

How is genetic continuity ensured between generations?

What biological mechanisms rely on directionality?
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Sl LEABKING QUTCONMES

D111 DNA replication as production of exact copies of DNA with Students should appreciate that DNA replication is required for reproduction and for growth and tissue
o identical base sequences replacement in multicellular organisms.
D1.1.2 Semi-conservative nature of DNA repl!c§tlon Ll Students should understand how these processes allow a high degree of accuracy in copying base sequences.
complementary base pairing
D1.13 Role of helicase and DNA polymerase in DNA replication Limit to the role of helicase in unwinding and breaking hydrogen bonds betweer? DNA strands and the general
role of DNA polymerase. SL students need to know the general function of polymerase.
. . . Students should understand the use of primers, temperature changes and Taq polymerase in the polymerase
Polymerase chain reaction and gel electrophoresis as tools for . . . . . .
D1.1.4 amplifving and separating DNA chain reaction (PCR) and the basis of separation of DNA fragments in gel electrophoresis. Students should
plitying P g understand what primers do and why they are used.
Students should appreciate the broad range of applications, including DNA profiling for paternity and forensic
D115 Applications of polymerase chain reaction and gel investigations.
o electrophoresis NOS: Reliability is enhanced by increasing the number of measurements in an experiment or test. In DNA
profiling, increasing the number of markers used reduces the probability of a false match.
D116 T S Y SO U Students should understand the difference between the 5' and 3' terminals of strands of nucleotides and that
o ¥ RN, DNA polymerases add the 5' of a DNA nucleotide to the 3' end of a strand of nucleotides.
; 5 o . Include the terms “continuous”, “discontinuous” and “Okazaki fragments”. Students should know that
Differences between replication on the leading strand and the oo e : : : :
D1.1.7 : replication has to be initiated with RNA primer only once on the leading strand but repeatedly on the lagging
lagging strand
strand.
Functi f DNA pri , DNA pol I, DNA pol e ,
D1.1.8 unctions o S : p(? ymer.ase' POIYMERSE Limit to the prokaryotic system.
Il and DNA ligase in replication
Limit to the action of DNA polymerase Ill in removing any nucleotide from the 3' terminal with a mismatched
D1.1.9 DNA proofreading POy E any

base, followed by replacement with a correctly matched nucleotide.



D1.1.1 —DNA replication as production of exact copies of DNA with identical base sequences.
D1.1.2—Semi-conservative nature of DNA replication and role of complementary base pairing
D1.1.3—Role of helicase and DNA polymerase in DNA replication

Recall: DNA is a polynvcieotide made vp of Y types of nudeokides which Jiffer by their nitrogenous base @rocicic acids A1.2

DNA rcplica{.ion . Production of exact copies of DNA with identical base sequences

\> DNA is integral for the functioning of eells ond organisms 1hus, when more cells are produced , DNA must First be replicated completely so the new cell contains The same DNA %
reglim(:ion; -

\S DNA ceplication is (equi ced for: =
Growih and tissve replacement  (hen molticellolar organisms create new cells fhis fiest reqire DNA to duplicate N\ o
< (S phase of cell cycle) followed by Oivision of nuclews and cell via mitosis and cybo Kinesis %%

Regrodugtion, in asexval reproduction a oqg

pacental cell ondergoes binary - 4 e & cell ¢ noddear division D21

€ ceproduction 031 feion ke DNA is first 0 \S When molticellolar organisms S Cells naturally age, get damaged or infected and ie. A

replicated and then the mother grow, cells proliferate , all with Cells duplicate Their DVA and themselves to repair and
cell divides to praduce too clones (dﬂuah’“f €¢”5) identical DNA in their nuclevs replace his Lissve. This is on ongoing process

—\

DNA rcph'aal;ion 15 Semi -conservative : cach strand of an em's(:ins DNA dovble helix (paren{: S‘Irand) acts as a template for the synthesis of a new strand (Jaughku s’rrand) from free DNA nucleotides

%%%M "> Due to wm{’“”‘“h’}' base paiing, the DNA sequence of one strand determines the ofher
? N TAAGGCGTA

@nucleic acids Al.2 Adenine Tb\;m:ne
Guanine Cytosine ATTCCGCAT ATTCCOLCAT

/ \> As A aluays pairs with T and G withC | the ncwly synﬂmsiud DNA Jdovble helix will be
identical and be casily checked for ecrors in peiting = ensucing . h@k degree of acturacy

X itis ‘semi’ conservative as half of the original Strancl
remains and is unchnnaed (Conserveal) in the new Jouble helix

DNA polymemse * enzyme responsible for synihesizing o new

X e{ymoloay: Helicase works on ‘helix’
complementary DNA steand vsing free DNA nucleotides

elicase : enzyme  responsible for unwinding and Sepamt.'nj DNA
DNA polymerase synthesizes * DNA polymers'

dovble helix thereby exposing the nilrogenous bases

S“M\d' \;
don\& helps brin3 free DNA nucleotides close to exposed bases on
¢

S helicase binds to DNA and using 1he enerqy

from ATP - hydrolysis (ATP — ADP + P, + %E%EZ) the DNA template strand , allowing to form

growing daughter strand

)
it catalyzes the breaking of Helicase NY s —
holding complementary base pairs together replication forK \> DNA polymerase catalyzes condensation reactions:
% % dﬂ / DNA polymcrase catalyzing covalent phosphodiester bond between the phosphate of
\ free DNA nucleotides a fiee nucleotide fo the deoxyribose of growing dauahftr strand
Q O 0O LN O O O O 0O O Q O O 0O O
o , SHBBG SHBY sieieiele
strands rewind into dovble helix g n o 0 i

n I0.g = BEH > PHBE
@l GBEH - iy

H0
X In addition, DNA polymerase acts as shown here is o simplified model
a 'pma(’reader' where it can remove and . " RN

& - in feality, free nucleotides have
“ ceploce bases added incorrectly —> morein HL | 71,

%

o: 3 phosphates which are hydrolyzed

[

\> the action of helicase results in +wo single - Helicase works like a zipper
stranded DNA strands which will act as templates

° fo release Energy (see HL)

(an uncorrected error results in a muto&ion)



D1.1.4—Polymerase chain reaction and gel electrophoresis as tools for amplifying and separating DNA

Polymcrasc Chain Reaction (PCR) : avtomated }echnh,uc for amplifying selected regions of DNA

through multiple cycles of DNA synthesis
Taq Polymerase O

heat-tolecant polymerase enzyme which Synthesizes
complementary DNA sirands using free nucleotides.
Enzyme is extracted {rom Thermus aquaticus (Tag) - a
hot spring bacterivm whith. has a high optimum temperature
(72°C) aad can withstand high heat wifhout denaturing

\ SEEEE
DNA primecs [/ [1]]

PCR tube  short , single- Stranded DNA sequences which are

specific to the Earﬂeb Sequence - binding
|‘ 60mp|emen+afi|y to 3'end of each Sequence, allowing

T¢7 Polymerase 1o bind and begin replicating

> process entails cycling through the following 3 steps over and auer until the desired amevat is produced

S with every cycle, ihe DNA sample is dovbled, thus 30 cycles resvlts in >1 billion copies (2”)

\S what is rcyvirec):

*Arggt D[\_’A ,Sample

extracted Seguence of DNA

A I":\
MMMW

A, T, C, 6 nucleotides for
use in DNA synthesis

provides op(-.imal pH
condi tions for Tag
Polymerase activity

Thermal cycler

machine which aubmah’cauy cyclc.s between

P
<

specific temperatures required for the reaction

Thermal cycler set to 50°C-65°C
\S lower temperature allows
fo bind to the start of the E_arsgl;
sequence on each separated Strands
X large number of primers ensore that they
bind to DNA, preventing sirands rejoining
X two diffecent primers are used - one

Thermal cycler set ¢o 95°C

> high heat breaks the
between complementary base pairs,
Separating DNA helices

X Tag Polymerase does not denature

ATTCCGCTAC6LG6GGTAC

ATTCCGCTACLGGTAC

TAAGGCGATGLCCCATOG

TAAGGCGATGC CCATG complemenhry }o each strand

N—

5 3' 5 3’
T CCGCTACGGOGTAC ATTCCGOGCTACGGGTAC

4 JoocoaTo
_

€loqgg,{:i on

Thermal cycler set to 72°C

(S Tai Polymerase binds onto DNA
primers and synthesizes complementary
DNA sirands using free nucleotides

\> amount of DNA has dovbled

<+

TAAGGCGATGCCCATG

5’ 3 5

Gel electcophoresis - process used to separate fragments of DNA or proteins on o polymer gel,
. atcording to size and overall charge
X electrophoresis : movement of charged parficdes in a flvid /gel in an electric field

\> In order to be separaled, samples must @ have vaiform charge (=) and @ be smalt enough. to move through. gel

|
(]
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©o—p-o0
i
i w:l
°

i
©o—p-0

® DNA has an overal( negalive charge %
dve to © phosphate groups on backbone o T

@ An enlice cheomosome is foo lagge 4o move though gel
h,@ct region (e.g.STR (‘mamsnt) is .sclech'vely ampliF.‘ed
by PCR = produting many short Ccoomen-}s thot can migrate

y I e e
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Protein Sample preparation

DNA sample preparation

® Proteins do not have overall tharge and can be
loge due {o their many Oiffeceat R grovps and how
they {fold, s0 a c)eferaenf (SDS) is npplied to
denature (unfold) and give the proteins an overall
neﬂa!:iw. tharge

:

S Gel elcc’rrap)\orcsis .Sehqo:
Q /\
N\
('.. =

2
@] \ ;
Ol

creates electric field:
Q.at sample wells

® power supply

D cathode (-)

® anode (+) © at opposite end

® gel chamber - holds gel

® boffer solvtion - C|¢C+f0|y+e solution to
conduck clectricity

@Sample wells - indents where samples are loaded

@ ael - made of agarose (from seaweed) or

rolyacrylamide , bolh ¢clear and porovs

- | -

Molecules misra'lze down fowards

attcactive anode © at different rates

Ihiovgh the pores of the gel:

smaller molecvles pass {hrovgh casier

. teavel faster and further down

X Molecules of the same leagth /mass
will fravel at 1he same rate and

\9 PFOCC.SS :

les

Sample is injected into the
well at the top of the gel using

LONG / HeavY

length (bp)

F(asmen*

thick /darker baad

= more in somple

distance travelled (mm)

[ | ]

short / light

samples

-~
After smallest molecules have
reached the bottom, voltage
is furned off and gel femoved
and stained with a dye
(which in the case of DNA,
flvoresces under LV light
Bands are compared with ladder
and with cach ofher

a micropipette. Additionally, o
Sample of Known lensihs /mass is
placed (ladder) where this can be
used as a comparison

X foc DNA, many CopicS are

GCTACE %
TAAGGCGATGCCCATG
3l

X 72°C s opl'.imwn for Tiut Polymcrasc

made and vsed via PCR gtoop together in a band



D1.1.5—Applications of polymerase

PCR and gel electcophoresis have many applications :

DNA profiling (fin_gefpdn{ing) - 1he identification of ingividval ogganisms or species vsing DNA

\> this fechnique compares DNA base sequences for diffecent individvals — looking for similarities and differences
. base sequences used must be vnique between individvals

\S When vsing DNA to identi€y individuals, it is not feasible or necessary to compare the entire
genome - instead only select vaciable regions are amplified and compared —> STR sequences

Procedore

Collect cel( sample fom. individuals. Using =~ > , =\
detergents , cells are lysed and DNA
within cell is extracted for analysis

<>
STR sequences are amplified using PCR
\ DNA Primers specific to the STR ~—
Sequences are used as initiators to replication

\> PCR is important as very little of fhe subjects

Several STR sequences (loci) are selected for analysis
\> the FBI's DNA database - CODIS (Combined
DNA Index System) uses 20 STR loci
X note: like most genes, individvals inherit
2 STR alleles per loci - one from each parent

in Size {o be detecmined as many copies are made

Gel electcophoresis separates the tested STR

("m_gmen{s by size ({'rngmen’cs with fewer
repeats are smaller and fravel fucther down 3" ) =

ex: locos | locos 2 locosd o GATA prodwting a banding pattern. and a DNA profile
12 cepeats 4 repeats 21 repeats
peeson A >IN >o{lP< oI A I | | |
8 repeats 13 repeats 7 ccpeats B [ | |
person B 2odIIIIMTPe >o{IIIIIIITP- >o{IIHITPo: c I 1 | |
8 repeats Ib cepeats 5 cepeats logdder |]|| | | | | | | | | | | | | |

—_—
—

O O 1111111 2 1111111111111 21111 g

Iarses('. smallest

Reverse- Teanscriptase (RT) -PCcr diagnosl:ic technique used o assess The presence of a specific RNA such as fhose

S SARS- CoVZ virv$s vses
RNA as its genetic

material and dravels

Sample is collected
where virvs may be

Jocated (ex:nose)
O

Sample exposed 1o PCR is done vsing

reverse transcriptose otescent
which creates com pltmnhr,
DNA (cDNA) from

RNA (if peesent)

AN

7

specific to the virus'

n droplds in the air

RNA

sene Sequcnce
/

GCTACG ©
\ TAAGGCGATGCCCA

X PCR ensures that even a small amovat of viral RNA will be detected

VOCCECUACEGGU
166 COATGCLCA

cONA

DNA needs to be used and it allows clear Jiferences

chain reaction and gel electrophoresis

gene

L |
X Eukaryotic DNA is primarily composed of non-coding sections, Af\-
|

i.e. Sequences which do not code for proteins jncluding Those I

in between genes ( ) and within genes (inteons )

GATA GATA GATA GATAGATA <
> Some of these Sequences are  Short- Tandem Repeats (STRS)

which are sections 2-b base peirs which are repeated Consecotively
one after another. The amount of repeats vary betwesn individuals

ex: This sequence has 5 repeats in ose individval but
could have B repeals in another - showing a difference

Aggh'ca{igﬂﬁ of DNA groﬁh'ng

Q@ Forensics analysis' - DNA can be obtained
(}om crime Scenes (or on a victim of a r.r.'me)
and compared with suspects to determine a
probability of guilt or innocence - Fro(’-'les most

match ot evey fested locws - a single mismaith excludes
suspect. SampleS can come {com any cells with DNA

® Pa.(:cmity test - In cases where the father of a
child is vaknown, ONA from the mother, child, and
poteatial fathecs are compared
X child's DNA pattern. is a com binotion of 1he

mother's and father's - resulting in ~50% match

man A | HEL T 0 U 1IN | child inkerits all heir
Suspect A | | | | | Suspect B's DNA profile man B | 1l L1 bands from parents:
suspect B I I I ' I I 100% matches DNA from man C I I I T match all bands with
5"5?“& c | | l | l | crime scene /evidence child ORLR N child and mother
crime Scene it i I -~ Very Strong probobility mother L e L- father motchs the cest

@ Corpse identification.’ - DNA from cocpses whose identities are unknown (due fo demage or decomposition.)
con be compaced with others to delemine identity

@ Familial relatioaships - DNA from oiffecent individvals con be compared o Oelermine !
relatedness Such as Siblings, half- siblings and cousins I
1

Nos

in a Virds

reliability - 1he fwstwol-lhy nature of a resolt in science is largely o.
factor of how onsistently the same result can be obtained

Afdec many cycles if a method is repeated over and over

the DNA is analyzed
X rcliabilii] is enhanced }y increasing fhe number of measurements in a fest

Floorescence indicates S it is possible that two individuals share the same STR at a locus - this can be

preseace of viral RNA determined by the frequency of #hat Sequence in a population.. If a pecsen’s
DNA maiched another , this is a false positive and could lead fo incorrect conclusions
AN By comparing many different STR mackers (previously 13 new 20) the points of
comparison increases and the likelihood 2 individvals match on all foci is

near zeco  ( note: monozygotic fwias have ideatical DNA pfof-'les)

— negative test

no flvorescence indicales

no vical RNA plescnt



D1.1.6—Directionality of DNA polymerases. D1.1.7 —Differences between replication on the leading strand and the
HL lagging strand. D1.1.8 —Functions of DNA primase, DNA polymerase |, DNA polymerase |l and DNA ligase in
replication. D1.1.9—DNA proofreading

@ructeic acids A2 DNA stand orientation /direction. can be ’
determined by the carbon position 4
¥y 7
\> DNA polymerase lll cequires free 3'-OH group to start synihesis of DNA,
where it catalyzes a condensation reaction behween the phosphate of fhe 5' end of o
free deorynucleoside Lriphosphate to the OH on the 3'end of the new strand, forming a
phosphodiester bond. This is passible {om the energy released from cleaving the phosphate
- it can only function in one direction:
® moving along template strand in a 3’ 40 5’ Jirection

® synihesizing DNA in o 5" 40 3 direckion (at»ina to 3'end only)

phosphodieskr

replication in proKaryokes ff‘“"“\ﬂ ) ;,s"” g [ covalent, bond
2 g \H _ |
\> DNA ia proKaryotes is arranged as a single , looped chromosome &k = 7 b~ A i —A) S
NS o—-P-0_5 -
\> when they replicate their DNA, there is one origin of origin V 6
replication, producing two replication forks where replication forks - HO
replication proceeds in either direction - 5' to 3’ HO

\S the process is carried ovt by several Jifferent
enzymes workins tosen\er

Discontinuous DNA replication ' produces the “lagging strand”, in pieces, moving away from replication €ork - slower process
T

Helicase separates DNA ‘ H17 BARRRARRLE

Strands by breaking hydrogen N

bonds between complementary

» S
base pairs DNA nucleotides

5' DNA Primase Synthesizes a DNA polymerase Il DNA polymerase | ~ DNA Ligase joins OKazaki
complementary RNA primer sirand binds to RNA primer Removes RNA nucleotides fragments together by catalyzing
3 by cafalyzing phosphodiester bonds and Ssynthesizes a of primer from 5’ end and phosphodiester bonds between
between free RNA nucleotides. Complementary DNA replaces them with DNA gop in fragmeats, folmhﬂ a
This RNA primer acts as starting steand by joining nucleotides added {o the 3'end of tontinvous strand
~ opoisomerase enzymes (ex: gyrase) relieve stress in DNA point for DNA polymerase Il t 3' -OH end (5'to 3') next fragment, leaving a gap X ligation= join together
and unwinds DNA from supercailed state ahead of helicase
AT (3
$|13°T ‘
single - stranded binding proteins (ssBs) - 3
bind to single - siranded DNA affer helicase N
has sepacated strand in order to Continuous DNA replication X DNA polymerase Ill also acts as a peoofceader ¥ 5' D N 5 C7 g / 5"
stabilize strand and pfevea{: DVA produces the lead;'nj Strand as it moves along and synthesizes davghter strand: X @1[ -!— Ar c’ T T A v {% .1- /l\
from reanncaling (rejoining),allawing continuously and vninterrupted., O identifies mispaired nucleotide in daughter strand TC AAT e TCAAT = ‘T¢c AA T
free nucleotides to bind. They are later towards the replication fork ® removes incorrect nucleotide from 3'derminal s L L L 1 1 - s L L 0L 1. 0L L1

femoved as polymerases stact replicating = faster process ® replaces with correctly matched nucleotide



@ Resovrce Links

€ach. resource is hyperlinked

0
Q
m
Z
o
m

OM3LON

U “Textbooks

nnnnnnnnnnn

FOR THE y o
IB DIPLOMA i % ) ’
PROGRAMME )

Oxford Resources
fori "
e THIRD EDITION
L
COURSE COMPANION k. " C.J. Clegg

Andrew Davis
nnnnnnnnnnnnn

-« JAHLY

HIGHER LEVEL
Biolog
for the IB Diploma Programme

— , HODDER P Pearson
Boost Ea

G Aclicles

Alamoudi, E., Mehmood, R., Albeshri, A., & Gojobori, T.
(2018). DNA Profiling Methods and Tools: a

Meselson, M., & Stahl, F. W. (1958). The replication
of DNA in Escherichia coli. Proceedings of the
National Academy of Sciences, 44(7), 671-

Zhu, H., Zhang, H., Xu, Y., Las$akova, S., Korabecna,
M., & Neuzil, P. (2020). PCR Past, present and

DNA Replication Interactive!
SR, s 5%
(AR
550 c?‘q AlesiTe AT

ALESIIES TS



https://pdb101.rcsb.org/motm/3
https://biomanbio.com/HTML5GamesandLabs/LifeChemgames/replicationinteractivepage.html
https://pdb101.rcsb.org/motm/55
https://pdb101.rcsb.org/motm/168
https://pdb101.rcsb.org/motm/73
https://pdb101.rcsb.org/motm/8
https://www.labxchange.org/library/pathway/lx-pathway:ad7fbf7e-9fee-4989-b8c6-e5737d21cc91/items/lb:LabXchange:a21a9b48:lx_simulation:1/55881?fullscreen=true
https://learn.genetics.utah.edu/content/labs/pcr/
https://learn.genetics.utah.edu/content/labs/gel/
https://dnalc.cshl.edu/resources/animations/gelelectrophoresis.html
https://www.noteworthyscience.com/

